In this study we investigated the structures of 11 neutral oligosaccharides released from bovine submaxillary mucin by alkaline borohydride treatment and isolated by h.p.l.c. One hexa-, one penta-, three tetra-, four tri-and two di-saccharides containing core types 1, 2, 3 or 4 were obtained. We report their structures, determined by a combination of one-and twodimensional 1H n.m.r. spectroscopy at 270 MHz and methylation analysis involving g.l.c.-m.s., along with their approximate molar ratios. Only three of these oligosaccharides have previously been reported in this source. Of
INTRODUCTION
Previous investigations of the oligosaccharides released by alkaline borohydride treatment of bovine submaxillary mucin have revealed the presence of two neutral disaccharides, a trisaccharide and a tetrasaccharide [1, 2] along with a series of acidic oligosaccharides [3] [4] [5] [6] . In this study we have extended this work by investigating a number of neutral oligosaccharides present in minor amounts. The structures were determined by analysis of the one-dimensional 1H n.m.r. spectra at 270 MHz in conjunction with two-dimensional correlation experiments (COSY) and methylation analysis. A preliminary account of these structures has appeared [7] .
This study should contribute to a better understanding of the function of the carbohydrate chains on salivary mucins. Furthermore, the structures found reflect the glycosylation potential of the bovine submaxillary gland and give indications of the specificity of the glycosyltransferases involved in their synthesis. chromatography, before n.m.r. investigations and methylation analysis.
Composition of oligosaccharides
Using g.l.c. the oligosaccharides were shown to have the monosaccharide composition shown in Table 1 . 
MATERIALS AND METHODS
Isolation of the mucin, fl-elimination and purification of the oligosaccharides and methods for carbohydrate composition, methylation analysis and n.m.r. experiments were essentially as previously described [3, 5] . 
RESULTS

Isolation of oligosaccharides
Approx. 90 % of the total mucin-bound sialic acid was precipitated in the 65-75 % (v/v) ethanol fraction. From 4 g of this mucin 2.5 g of oligosaccharides was released by fl-elimination. The neutral fraction from ion-exchange chromatography (approx. 1 g), when applied to a Bio-Gel P-4 column, gave four peaks ( Fig. 1) , N1, N2, N3 and N4, which were further fractionated by h.p.l.c. Peak NI gave six fractions (Nla-Nlf, Fig. 2 ), peak N2 gave seven fractions (N2a-N2g, Fig. 3 ), peak N3 gave four fractions (N3a-N3d, Fig. 4 ), while peak N4 was homogeneous on h.p.l.c. These fractions were isolated by semipreparative h.p.l.c. and desalted using Bio-Gel P-2 Oligosaccharides were applied to a column (1.4 cm x 200 cm) of BioGel P-4 (200-400 mesh), equilibrated and eluted with 0.05 Mammonium acetate, pH 5.2, at a flow rate of 20 ml/h. Fractions of 2 ml were collected and assayed for carbohydrate [26] . The bars show the fractions that were combined. The arrows show the elution position of (1) starch and (2) glucose. 
Methylation analysis
The partially methylated monosaccharides obtained on methanolysis and acetylation of the permethylated oligosaccharide alditols are indicated in Table 2 .
'H n.m.r. spectroscopy
In order to identify independently the constituent sugars, to determine the anomeric configurations of the linkages, and to obtain structural information on the linkage positions and the sequence of the sugar residues in the structures, each oligosaccharide was investigated by 'H n.m.r. spectroscopy [8] .
Peak N4, which was eluted from the Bio-Gel P-4 column with a volume of approximately two hexose units, was shown to GalNAcol H-2
Fuc2'3 is in agreement with that observed for the structure Galfl(I --3)GalNAcol [12, 13] , as is the occurrence of a single Nacetyl methyl resonance at 2.051 p.p.m., which is attributable to GalNAcol [10] . The assignment of structural reporter groups was confirmed by examination of the COSY spectrum. The structure of oligosaccharide N3c was determined to be:
In the 1H n.m.r. spectrum of fraction N3d, the chemical shift of GalNAcol H-2 at 4.400 p.p.m. (Table 3) indicates the coretype 1 structure [10] . The absence of a substituent at GalNAcol C-6 is evident from the chemical shifts of H-S (4.168 p.p.m.), H-6 (3.6-3.7 p.p.m.) and H-6' (3.6-3.7 p.p.m.) of GalNAcol [11] Fuca(l -* 2). Structural reporter groups, which were confirmed by examination of the COSY spectrum, are identical with those found previously for the trisaccharide alditol consisting of a fucosylated core-type 1 structure [10, 12, 14] . The structure of oligosaccharide N3d was determined to be:
Analysis of the 'H n.m.r. spectrum of N2a, which was identical with that of N3b, identified it as the disaccharide alditol GlcNAcfl(1 -÷ 3)GalNAcol.
The 'H n.m.r. spectrum of N2b (Table 3) showed the presence of a trisaccharide alditol consisting of two fl-linked sugar residues in addition to GalNAcol in a core-type 3 structure [10, 11] . The chemical shift ( linkage [15] . Assignment of the multiplet at 4.021 p.p.m. to H-6 of GlcNAc3 is also in agreement with a ,(1 --4) linkage [13, 16] . On the basis of these data, the structure of N2b is identified as:
Analysis of the 'H n.m.r. spectrum and chemical shift data (Table 3) GalNAcol at C-6 by /3GlcNAc [10, 11] Gal/J(l --3) [15] . On the basis of these data, the structure of N2f is identified as:
Gal,/(l -÷ 4)GlcNAcflI 6GalNAcol 3 / GlcNAc/Jl Analysis of the 'H n.m.r. spectrum of fraction N2g (Table 4) indicates the presence of a tetrasaccharide alditol containing three fl-anomeric linkages. [3, 13, 14] . Assignment ofthe ,3-anomeric signal at 4.597 p.p.m. to the core GlcNAc3 indicates its terminal position [13] . The /3-anomeric signal at 4.541 p.p.m., which is twice the intensity of that of the GlcNAc3 H-1, is therefore assigned to the coincident anomeric signals of GlcNAc6 and Gal4. The shift increments observed for Gal4 H-1 (d = 0.067 p.p.m.) and GlcNAc6 H-1 (d = -0.025 p.p.m.), in the step from oligosaccharide N2f to Nle, are in agreement with the extension of N2f by fucosylation of the 6-branch to give Nle [13, 14] :
The 'H n.m.r. spectrum of h.p.l.c. fraction Nlf (Fig. 5) contains two a-and three ,-anomeric resonances, corresponding to a hexasaccharide alditol. The structural element [12, 13, 20] , whereas that consisting of RH-1 [12] [13] [14] . The third /,-anomeric signal at a = 4.540 p.p.m. has therefore been assigned to a galactose residue which is /(1 -* 4)-linked to the core GlcNAc/3(l -+6).
The chemical shifts assigned to the H-I protons of both Gal3 and Gal4 show the expected downfield shifts for fucosylated galactose residues [13] . The assignment of H-6 of GlcNAc at [16] .
We report here the structures of a series of oligosaccharides
On the basis of these data, the structure of NIf is identified as:
ranging in size up to hexasaccharide, isolated by fl-elimination [20, 21] . The / GlcNAc-containing oligosaccharides were eluted before the GalFuca(l -> 2)Gal,ll containing counterparts, cf. N2c/N2d(i) and N3b/N3c, while Vol. 279 Table 5 . Structure and approximate molar ratios of the neutral oligosaccharides isolated from bovine submaxillary mucin Fuca(l 2)Galf l/ the linear trisaccharide N2b was eluted before the branched trisaccharide N2d(i). The co-elution of the trisaccharide N2d(i) with the tetrasaccharide N2d(ii) is attributable to the presence of both Fuca and GalNAca in the latter structure [5] .
Quantification of the oligosaccharides using h.p.l.c. with a u.v. detector operating at 195 nm, and with regard to the number of chromophores in each oligosaccharide [20] , indicated that the oligosaccharides were present in the approximate molar regions shown in Table 5 . Integration of the anomeric signals in the n.m.r. spectrum of N2d indicated that N2d(i) and N2d(ii) were present in the approximate molar ratio 4.5:0.5.
Previous investigations of the neutral oligosaccharides of bovine submaxillary mucin have led to the characterization of two disaccharides, a trisaccharide and a tetrasaccharide, in addition to GalNAcol [1, 2] . These correspond to structures N2d(i), N3b, N3c and N4a of the present study. The tetrasaccharide Fuca(l --2)Galfl(l --3)[GlcNAc, (1 - [10, 17, 22] , the occurrence of this oligosaccharide as a distinct entity is novel. 'H n.m.r. data for this structure are presented here for the first time. Oligosaccharides N2b, N3b and N3c represent the asialo analogues of the acidic oligosaccharides Al/2a/Al/2c [4, 6] , A4c/A4f [5] and A4d [3] respectively. Interestingly, the asialo analogues of the structures Al /2b, Fuca(l -. 2)Galfl(I 4)GlcNAc/J(l -> 3)GalNAcol [3, 6] and A4b/A4e [3] , GalNAca(l-1 3)GalNAcol, have not been found among the neutral oligosaccharides. They may, however, be present in minor amounts. The occurrence of GalNAca(1l 3)-GalNAcol as a minor component in peak N3 from the Bio-Gel P-4 column was suggested by the presence of an a-anomeric signal at 5.103 p.p.m. in the 'H n.m.r. spectrum of this mixture, before h.p.l.c. purification. This structure, however, was not identified by 'H n.m.r. analysis of any of the major h.p.l.c.-purified components of peak N3.
All of the acidic and neutral structures reported here are biosynthetically allowed, assuming that the biosynthesis of oligosaccharides in bovine submaxillary mucin proceeds in the same manner as has been reported for other mucins [23, 24] . It has previously been suggested that the activity of the enzyme N-acetylglucosaminide fl-(l -1 4)-galactosyltransferase, which catalyses the synthesis of the Gal,J(l --4)GlcNAc sequence, is relatively low in bovine submaxillary glands [2] . This suggestion was made because no carbohydrate chain bearing this sequence Earlier investigations of the immunological properties of bovine submaxillary-mucin showed some blood-group-A and -H activity, but no blood-group-B activity [25] . The present study is in agreement with such findings. Oligosaccharides Nle and NITf contain the blood-group-H type 2 determinant, while oligosaccharide N3d contains the blood-group-H type 3 determinant, and oligosaccharide N2d(ii) represents the bloodgroup-A determinant.
The fact that bovine submaxillary mucin has now been shown to contain all the five known mucin core types, demonstrating the heterogeneous nature of its carbohydrate chains, supports its use as a model mucin to relate biological activity to glycoconjugate structure.
